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Declaration and Power of Attorney for Patent Application 
Japanese Language Declaration 


As a below named inventor, I hereby declare that 


My residence, post office address and citkenship are as 
stated next to my name. 

I believe I am the original first and sole inventor (if only 
one name is listed below) or an original first and joint 
inventor (if plural names are listed below) of the subject 
matter which is claimed and tor which a patent is sought 
on the invention entitled 


WAVELENGTH MONITOR 


the specification Of which is attached hereto unless the 
Mowing box is checked: 


(8fcSi-*«fr> * ft B^aJEfrilSlfc* 


□ was filed on „ 


as United States Application Number or 
PCX International Application Number 

. .and was amended on 

. (if applicable) 


I hereby state that I have reviewed and understand the 
contents of the above identified specification, including 
the claims, as amended fay any amendement referred to 
above. 


I acknowledge the duty to disclose information which is 

material to patentability as defined in Title 37, Code of f 

federal Regulations. Section 1.55. 1 


Fish k Richardson p.c. 
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Declaration and Power of Attorney for Patent Application 


BfcS«LtV*nB3 6 5$ (a) 


Prior foreign Application(s) 

P. 2Q01-008589 
(Number) 


Japan 


(Country) 


I hereby claim foreign priority under Title 35, United 
States Code. Section 119 (a)-(d) or 365(b) of any foreign 
appHcatfon(s) for patent or inventor's certificate, or 365 (a) 
of any PtT International application which designated at 
least one country other than the United States, listed 
below and have also identified below, by checking the box, 
any foreign application for patent or inventor's certificate, 
or PCT International application having a filing date before 
that of the application on which priority is claimed. 

Priority not claimed 


17/January/2QQ1 

(Day/MonthAear filed) 


(Number) 

CM-) 


(Country) 


(Day/Month/Year Filed) 


(Application No.) 


I hereby claim the benefits vnrier Title 35, United States 
Code, Section 119(e) of any United States provisional 
applications) listed below. 


(Application No.) 


Date) 


*$B&£«3 6 5* CO J-«rf<«flfc-C!-£$U* 


I hereby claim the benefit under Title 35, United States 
Code, Section 120 of any United States apptfcation(s), or 
365(c) of any PCT International application designating 
the United States, listed below and, isofar as the subject 
matter of each of the claims of this application ts not 
disclosed in the prior United States or PCT International 
application in the manner provided by the first 
paragraph of Title 35, United States Code Section 112, 1 
acknowledge the duty to disclose information which is 
material to patentability as defined in Title 37, Code of 
Federal Regulations, Section 1.5<S which became available 
between the filing date of the prior application and the 
national or PCT International filing date of application. 


(Application No.) 


(Filing Date] 


(Status; Patented, Pending. Abandoned) 

Wfe **** WW) 


(Application No.) 
<»B#?) 


(filing Date) 


(Status: Patented, Pending, Abandoned) 


I hereby declare that all statements made herein of my 
own knowledge are true and that all statements made on 
information and belief are believed to be true; and further 
that these statements were made with the knowledge that 
willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 
1001 of Title 18 of the United States Code and that such 
willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 


Fish & Richardson p.c. 
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Declaration and Power of Attorney for Patent Application 


POWER OF ATTORNEY: as named inventor, I hereby appoint 
the following attorney**) and/or ag*r*t(s) to prosecute tiu< 
application and transact alt business in the Patent and 
Trademark Office connected therewith (list owe tow 
/effistratfon number) 


John B. Pegraru, Reg. 25,198 
Gary A. Walpert, Reg. 26.098 
Stephan J. Filipek, Reg. 33,384 


Frederick M. Rabin, No, 24,488 
Richard P. Ferram. Reg. 30,362 
Andrew N. Parfomak, Reg. 32,43 1 


William J. Hone, Reg. 26,739 
Samuel Borodach, Reg. 3S.388 


Send correspondence to: 


The person indicated in the cover letter accompanying the application or to: PISH & RICHARDSON 
Suite 2800, 45 Rockefeller Plaza, New York, NY 101 H. 


■MESmHIi : f *J»* &*SS#*) Dtact Telephone Calls to: (name «l(f telephone numbtr) 

The person indicated m the cover letter accompanying the application or to 212-765-5070, referencing the 
Attorney's Docket No. or application Serial No. 


s ;*-:±^— ~" " ~~ Full name of sole first inventor 
Minoru MAEDA 


Hft • Inventor^ signature °* te 


' " "~ .Residence 

^ Tokyo, Japan 

" ~* Citizenship 


Post Office Address 
c/o Ando Electric Co- r -Ltd. r 
29-3 # Kamata 5-chome, Qta-ku, 
yokyov Japan 


gE*3ft^i " ! Fultname of second joint inventor, if any 


jS^ftSftW- Second inventor's signature 0ate 


" " Residence 


Citizenship 


dr^- """ ~ 1 Post Office Address 


(»5B»»*H*W*Uot%t i MtCEft U *S * (Supply similar mfonnation and signature for tbM.and 
^ ri ». t subsequent joint inventors.) 


Fish & Richardson r.c. 
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WAVELENGTH MONITOR f 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 

The present invention relates to wavelength 
monitors/ which are typically used in the field of 
optical measurement technology to measure the wavelengths 
H of light sources oscillating in a single mode. 

jU 2, Description of the Related Art 

Light sources for single-mode oscillating DFB-LD 
J* (distributed feedback laser diode) and DBR-LD 

!j (distributed Bragg reflector laser diode) have a problem f 

i* s of experiencing drifts as they are used for a prolonged 

O period of time, so in a DWDM (dense wavelength division 

f y 

multiplexing) system, . the wavelengths of such light 
sources must be controlled by measuring them at 
appropriate times. 

Wavelength tunable light sources of an external 
resonator type using a diffraction grating are 
extensively used to measure the wavelength 
characteristics of optical components* While they are 
capable of setting a desired value of wavelength over a 
broad range (> 100 nm) , this type of light sources are # 
sensitive to external effects and temperature changes in 
particular affect the wavelength stability* In addition, 
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as the DWDM system becomes adaptive to higher degrees of 
multiplexing, it is required to increase the probability 
that the light source has stable wavelengths. 

Among the conventional devices for measuring the 
wavelengths of light sources, the most commonly used are 
spectroscopes such as an optical spectrum analyzer that 
rotate a diffraction grating by a moving mechanism. f 

However, the moving mechanism in such spectroscopes 
makes them bulky and poses other problems such as limited 
long-term reliability. To deal with these difficulties, 
various types of wavelength monitor have been developed 
that measure the wavelengths of light sources at 
appropriate times with a 

compact design having no moving mechanism. 

Among these wavelength monitors, one called a 
wavelength locker is used to control the wavelength of a 
DFB-LD light source with a structure that uses optical 

components such as interference film based filters and , 
diffraction gratings. 

The wavelength monitor called a wavelength locker 
can only be operated over a narrow wavelength range but 
using no mechanical moving parts, it has high 
reliability, can be reduced in size, requires no large- 
scale processing with software and, hence, is suited to 
the purpose of controlling the wavelengths of light 
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sources such as one for DBF-LD that seldom, vary in 
wavelength. There is, however, a problem in that the 
operating wavelength is limited by the wavelength 
characteristics of the components used such as filters. 

A conventional wavelength monitor that is free from 
this problem may be a "wavelength change measuring 
U apparatus" disclosed in JP 11-034697 A. A block diagram 

q for the configuration of this apparatus is shown in Fig. 

6 as a reference for the following description of the 
apparatus . 

As shown in Fig. 6, the "wavelength change measuring 
^ apparatus" under consideration is basically composed of 

an input fiber 201, a collimating. lens 202, a beam 

Si 

O splitter 203 as a first splitting. means, a first- 

:: 

§y 

reflector 204, a second reflector 205 with a step of d = 
W8, a reflecting prism 20 6 as a second splitting means, 
a first photo-detector 207, a second photo-detector 208, 
and a signal processing circuit 209 for processing 
signals from the two photo-detectors. 

Measuring light emerging from the input fiber 201 is 
collimated and launched into the beam splitter 203 as the 
first splitting means provided on the axis of the 
emerging light, whereby it is split into two beams, one 
directed toward the first reflector 204 and the other 
toward the second reflector 205. The first reflector 204 
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and the second reflector 205 are provided normal to the 
optical paths of the split beams of collimated light 
emerging from the beam splitter 203 and their optical 
axes are adjusted such that each of the split beams of 
collimated light will be reflected back to the beam 
splitter 203 by travelling through the same optical path. 
The second reflector 205 is a plane reflector having 

a step of d " X Q /Q, so when a light beam is reflected by f 

the second reflector 205 and travels through the return 

path/ one half of the beam plane generates a difference 

of Xo/A in pathlength (Xo is the center wavelength in the 

measurable wavelength range and may take the value of 

1550 ran) - 

The two beams of collimated light that have been 
reflected by the first reflector 204 and the second 
reflector 205 make a second entry into the beam splitter 
203, where they are recombined before entering the 
reflecting prism 206 as the second splitting means. 

The reflecting prism 206 is provided such that the 

f 

axial plane where the pathlength difference of Xq/4 has 
been generated coincides with the edge tip surface of the 
reflecting prism 206; the recombined parallel light 
incident on the reflecting prism 206 is split into two 
beams by its edge tip surface and the split beams are 
launched into the first photo-detector 207 and the second 


- 4 - 


02- 1-17; 1 t 46PM; NGB &fff 


FISH&RICHARDSON_NY;03 556139 55 


# 12/ 67 


a 


photo-detector 208 which are provided on their optical 
axes. The light beams entering the two photo-detectors 
are output to the signal processing circuit 209 as 
currents that depend on their optical intensity. The 
signal processing circuit 209 compares the light 
intensities from the two photo-detectors and perform 
necessary arithmetic operations to output wavelength 
data. 

The changes in light intensity vs. wavelength that 
are obtained with the ordinary Michelson interferometer 
are expressed by the following eq. 1. A normalized 
Gaussian distribution in a light beam plane gives a 
uniform light intensity, which varies uniformly with 
changing wavelength. 


I = [1 + cos[47C*ALA]]/2 


(1) 


In eq. 1, I signifies the normalized light intensity 


the wavelength of the 
AL is the pathlength 


received by a photo-detector; k is 
light input from the light source; 
difference in the Michelson interferometer. 

In the design described above, a plane reflector 
having a step of d = Xo/8 is used as the second reflector 
205, so when a light beam is reflected by the second 


reflector 205 and travels through 


the return path, one 
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half of the beam plane generates a pathlength difference 
of Xq/4, thereby producing periodic interference light 
intensity signals with a phase difference of 

Using the interference light intensity signals with 

a phase difference of tc/2, one can determine the amounts 
and directions of changes in the wavelength of a light 
source. 

However, the above-described conventional wavelength 
monitor, or the "wavelength change measuring apparatus" 
disclosed in JP 11-034697 A, does not satisfy the low^ 
cost requirement since a step mirror, or a mirror 
specially designed to have a step of d - %q/8, must be 
used- 

As a further problem, diffraction occurs at the 
boundary between the step and the non-step area of the 
step mirror, producing distorted interference light 
signals. 

SUMMARY OF THE INVENTION 
The present invention has been accomplished to solve 
the aforementioned problems of the conventional and its 
principal object is to provide a low-cost wavelength 
monitor for measuring the wavelength of a single mode 
oscillating light source with such a design that a phase 
difference of tl/2 is generated in two interference light 
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intensity signals without using any specially designed 
optical components and that the phase difference can be 
adjusted after fixing the individual optical components. 

According to the present invention, there is 
provided a wavelength monitor comprising: 

a Michelson interferometer optical system 
comprising; 

an optical element for collimating an incident 
light beam from a light input section to generate a 
collimated light beam; 

a first beam splitter for splitting the 
collimated light beam from the optical element into 
two split beams; 

a first reflector and a 
for reflecting the respective 
first beam splitter; and 

an interference pattern 
inclining the wavefront of the reflected beam from 
the one of the first reflector and the second 
reflector, thereby to generate an interference light 
beam having an interference pattern in the light 
intensity distribution in an plane of the 
interference light beam; 


second reflector each 
split beams from the 

generating means for 
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a second beam splitter for splitting the 
interference light beam received from the first beam 
splitter in a different direction from the incident 
direction of the interference light beam; 

a first photo- detector and a second photo-detector 
for receiving the respective beams of the interference 
light split by the second beam splitter ; 

a first slit provided in front of the first photo- 
detector; 

a second slit provided in front of the second photo- 
detector; and ' 

a signal processor for counting intensity changes of 
the light beams from the first photo-detector and the 
second photo-detector. 

According to the present invention, there is 
provided a wavelength monitor comprising: 

a Mach-Zehnder interferometer optical system 
comprising: 

an optical element for collimating an incident 
light beam from a light input section to generate a 
collimated light beam; 

a first beam splitter for splitting the 
collimated light beam from the optical element into 
two split beams; 
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a first reflector and a second reflector for 
reflecting the respective split beams from the first 
beam splitter; 

a second beam splitter for recombining the 
reflected light beams from the first reflector and 
the second reflector; and f 
an interference pattern generating means for 
q inclining the wavefront of the reflected beam from 

the one of the first reflector and the second 
Jfj reflector, thereby to generate an interference light 

^ beam having an interference pattern in the light 

Q intensity distribution in an plane of the 

M= interference light beam; 

a third beam splitter for splitting the interference 
light beam received from the second beam splitter; 

a first photo-detector and a second photo-detector t 
for receiving the respective interference light beams 
split by the third beam splitter; 

a first slit provided in front of the first photo- 
detector; 

a second slit provided in front of the second photo- 
detector; and 
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a signal processor for counting intensity changes of 
the light beams from the first photo-detector and the 
second photo-detector. 

According to the present . invention, there is 
provided a wavelength monitor comprising: 

a Mach-Zehnder interferometer optical system 
comprising: 

an optical element for collimating an incident 
light beam from a light input section to generate a 
collimated light beam; 

a first beam splitter for splitting the 
collimated light beam from the optical element into f 
two split beams; 

a first reflector and a second reflector for 
reflecting the respective split beams from the first 
beam splitter; 

a second beam splitter for recombining the 
reflected light beams from the first reflector and 
the second reflector; and 

an interference pattern generating means for 
inclining the wavefront of the reflected beam from 
the one of the first reflector and the second 

reflector, thereby to generate an interference light t 
beam having an interference pattern in the light 
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intensity distribution in an plane of the 
interference light beaia; 


JESS; 

m 


o 


a first photo-detector for receiving the 
interference light beam transmitted from the second beam 
splitter in one of two directions; 

a second photo-detector for receiving the 
interference light beam transmitted from the second beam 
splitter in the other direction thereof; 

a first slit provided in front of the first photo- 
detector; 

a second slit provided in front of the second photo- 
detector; and 

a signal processor for counting intensity changes of 
the light beams from the first photo-detector and the 
second photo-detector - 


According to the present invention, there is . t 
provided a wavelength monitor comprising: 

a Mach-Zehnder interferometer optical system 
comprising: 

an optical element for collimating an incident 
light beam from a light input section to generate an 
collimated light beam; 
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a first beam splitter for splitting the 
collimated light from the optical element into two 
beams; 

a first reflector for reflecting one of the two 
beams split by the first beam splitter; 

a second reflector for reflecting the light beam 
reflected by the first reflector; 

a second beam splitter for recomfoining the other 
of the two beams split by the first beam splitter 
with the light beam reflected by the second 
reflector; and 

an interference pattern generating means for 
inclining the wavefront of the reflected beam from 
the one of the first reflector and the secona 
reflector, thereby to generate an interference light 
beam having an interference pattern in the light 
intensity distribution in an .plane of the 
interference light beam; 

a third beam splitter for splitting the interference 
light beam received from the second beam splitter; 

a first photo-detector and a .second photo-detector 
for receiving the respective beams of the interference 
light split by the third beam splitter; 


- 12 - 


02- 1-17; 1 :48PM;NGB gfjtf 


Fl SHSiR t CHARDSQN_NY ; 035561 3955 


# 20/ 67 , 
» 


a first slit provided in front of the first photo- 
detector; 

a second slit provided in front of the second photo- 
detector; and 

a signal processor for counting intensity changes of 
the light beams from the first photo-detector and the 
Ms second photo-detector. 

S / 
£*" According to the present invention, there is 

pi provided a wavelength monitor comprising: 

a Mach-2ehnder interferometer optical system 

s 

comprising: 

^ an optical element for collimating an incident 

53 light beam from a light input section to generate a 

jry 

collimated light beam; 

a first beam splitter for splitting the 
collimated light beam from the optical element into 
two beams; 

a first reflector for reflecting one of the two # 
beams split by the first beam splitter; 

a second reflector for reflecting the light beam 
reflected by the first reflector; 

a second beam splitter for recombining the other 
of the two beams split by the first beam splitter 
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with the light beam reflected by the second 
reflector; and 

an interference pattern generating means for 
inclining the wavefront of the reflected beam from 
the one of the first reflector and the second 
reflector , thereby to generate an interference light 
beam having an interference pattern in the light 
intensity distribution in an plane of the 
interference light beam; 

a first photo-detector for receiving the 
interference light beam transmitted from the second beam 
splitter in one of two directions; 

a second photo-detector for receiving the 
interference light beam transmitted from the second beam 
splitter in the other direction thereof; 

a first slit provided in front of the first photo- 
detector; 

a second slit provided in front of the second photo- 
detector; and 

a signal processor for counting intensity changes of 
the light beams from the first photo-detector and the 
second photo-detector. 

According to the wavelength monitors of the 
invention, interference light intensity signals having a 
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phase difference are produced by the means of generating 
an interference pattern in an interference light beam 
plane, so the specially designed reflector (step mirror) 
which has been used in the conventional wavelength 
monitors is no longer necessary, making it possible to 
realize cost reduction by parts standardization. 

In addition, slits narrower than the spacing between 
interference fringes are positioned in front of the 

photo-detectors for light reception and this provides t 
interference light intensity characteristics having 
almost ideal changes in light intensity. 

In the wavelength monitors, the reflected light from 
neither of the two reflectors returns to the input 
section, thereby insulating it from any adverse effects. 

The wavelength monitors have no need to use a third 
beam splitter and, hence, can be constructed at lower 
cost in smaller size- 

If desired, said interference pattern generating 
means may be realized by inclining said first reflector 
and/or said second reflector. Alternatively, said 
interference pattern generating means may be realized by 
inserting a wedge substrate into one of the two optical 
paths in said optical system. Still alternatively, said 
interference pattern generating means may be realized by 
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inclining said first beam splitter and/or said second 
beam splitter. 

These designs permit adjusting the amount of 
inclination of the wavefronts of the two beams of 
reflected light that are to interfere with each other, so 
the wavelength band over which the wavelength monitor can 
operate can be set in a desired way. 

In another preferred embodiment, said first slit 
and/or said second slit may be variable in slit width. 
Alternatively, said first slit and/or said second slit 
may be variable in slit position. Still alternatively, 
light reception may be effected by said first photo- 
detector and/or said second photo-detector which have a 
detecting area diameter smaller than the diameter of 
interference beams and said first photo-detector and/or 
said second photo-detector is variable in position. 

By adjusting the slit position, some latitude is 
provided in the control of light intensity* In addition/ 
after fixing the individual components of the wavelength 
monitor, the width and position of the slit provided in 
front of each photo-detector are adjusted to produce 
interference electro-optic signals having an ideal phase 
dif ference- 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram showing the configuration of a 
wavelength monitor according to the first embodiment of 
the invention. 

Fig. 2 is a diagram showing the configuration of a 
wavelength monitor according to the second embodiment of 
the invention. 

Fig. 3 is a diagram showing the configuration of a 
wavelength monitor according to the third embodiment of 
the invention. 

Fig* 4 is a diagram showing the configuration of a 
wavelength monitor according to the fourth embodiment of 
the invention. 

Fig. 5 is a diagram showing the configuration of a 
wavelength monitor according to the fifth embodiment of 
the invention. 

Fig, 6 is a diagram showing the configuration of a 
conventional wavelength monitor using a Michelsdn 
interferometer with a step mirror. 

DETAIELD DESCRIPTION OF THE PRESENT INVENTION 
Wavelength monitors according to the first to fifth 
embodiments of the invention are described with reference 
to Figs. 1-5. 
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First embodiment 

Fig. 1 is a diagram showing configuration of a 
wavelength monitor 10 according to the first embodiment 
of the invention. 

As Fig. 1 shows, the wavelength monitor 10 has a 

t 

Michelson interferometer optical system 11 comprising a 
y* collimating lens (optical element) 102 for collimating 

Q the incident light from an input fiber (light input 

[2 section) 101, a first beam splitter 103 for splitting the 

incident collimated light from the optical element 102 
^ into two beams, and a first reflector 104 and a second 

s 

H reflector 105 for reflecting the respective split beams 

H* of collimated light from the first beam splitter 103, 

S! 

O The optical system 11 has an interference pattern 

m 

generating means 12 which inclines the wavefronts of the 
reflected beams from the first reflector 104 and the 

second reflector 105 after they are recombined at the ' 

first beam splitter 103, thereby generating an 

interference pattern in the light intensity distribution 

in an interference light beam plane, and this 

interference pattern generating means 12 is realized by 

inclining the first reflector 104 and/or the second 

reflector 105. 

The optical system 11 further includes a second beam 
splitter 106, a first slit 107 and a second slit 108, as 
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well as a first photo-detector 109 and a second photo- », 

detector 110 that are securely provided on an optical 

base platform (not shown) ; another component of the 

optical system 11 is a signal processing circuit (signal 

processing means) 111 for processing the signals from the 

first photo-detector 109 and the second photo-detector 

110* 

Next # we describe the capabilities and operations of 
the first embodiment on the following pages. 

The input fiber 101 guides the light from a light 
source (not shown} and emits it from the. end face. The 
lens 102 is provided on the optical axis of the light f 
emerging from the input fiber 101 and collimates the 
light emerging from the end face of the. fiber. 

The emerging collimated light from the lens 102 is 
launched into the first beam splitter 103 provided on its 
optical axis. The first beam splitter 103 splits the 
incident light into two beams, one being directed to the 
first reflector 104 and the other directed to the second 
reflector 105, 

The first xeflector 104 is provided on the optical 
path of one of the two beams of collimated light from the 
first beam splitter 103 and reflects the incident beam of t 
collimated light such that it makes a second entry into 
the first beam splitter 103- 
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The second reflector 105 is provided on the optical 
path of the other of the two beams of collimated light 
from the first beam splitter 103 and reflects the 
incident beam of collimated light such that it makes a 
second entry into the first beam splitter 103. 

The two beams of collimated light reflected by the 
first reflector 104 and the second reflector 105 to make 
" a second entry into the first beam splitter 103 are 

f} recombined and emerge from said first beam splitter 103 

5' 

^ it at two end faces, one facing the input fiber 101 and 

Si the other being different from the first end face. The 

a 

O intensity of the light emerging from the first end face 

M= and that of the light emerging from the second end face 

q have inverting characteristics. 

The reflected beam from the first reflector 104 and 
the reflected beam from the second reflector 105 that are 
to be recombined at the first beam splitter 103 have 
their optical axes adjusted to incline slightly. 

Adjacent the second end face of the first beam 
splitter 103 which is different from the first one which 
faces the input fiber 101, there is provided the second 
beam splitter 106 on the optical axis of the emerging 
light. The second beam splitter 106 splits the incident 
interference light into two beams, one being directed to 
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the first photo-detector 109 and the other directed to 

the second photo-detector 110. , 
One of the two split beams of interference light 

emerging from the second beam splitter 106 is launched 

into the first photo-detector 109 after passing through 

the first slit 107 provided on its optical axis, 
u Similarly, the other of the two split beams of 

S interference light is launched into the second photo- 

7? detector 110 after passing through the second slit 108 

Hi provided on its optical axis. 

M In the system shown in Fig. 1, the collimated light 

P is directly launched into the photo-detectors but it will 

U be apparent to the skilled artisan that the collimated 

p light may first be condensed with another lens (not 

shown) before it is received by the photo-detectors. 

The first photo-detector 109 and the second photo- 
detector 110 may each be composed of a photodiode and 
after converting light to electrical signals, they output 
currents in accordance with the intensity of the received 
light. 

In the signal processing circuit 111, the electrical 
signals proportional to the intensities of light from the 
first photo- detector 109 and the second photo-detector 
110 are compared and subjected to necessary arithmetic 
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of the incident light 
is output. 


to be recorobined at the 


operations so that the wavelength 
is determined and wavelength data 

The system is so designed that the reflected beam 
from the first reflector 104 and the reflected beam from 
the second reflector 105 that are 
first beam splitter 103 have their optical axes adjusted 
to incline (to realize the interference pattern 
generating means 12) . As a result , the wavefronts of the 
two beams of reflected parallel l^ght are inclined and 
the intensity of light in the inte 

plane does not have the uniformity expressed by eq. 1; 
instead, linear interference fringes are . generated. 


rference light beam 


light having narrow 
by the photo-detectors , 
the desired change in 
by eq. 1* 
fringes under 


If all beams of interference 
interference fringes are received 
a wavelength change will not cause 
light intensity that is expressed 

In addition, the interference 
observation appear to make a parallel shift in response 
to the wavelength change. 

What is more, if the inclination of the wavefronts 
of the two beams of reflected parallel light is 
increased/ the spacing between interference fringes 
decreases; if the inclination is reduced, the spacing 
between interference fringes increases. If the 
inclination of the wavefronts eventually becomes zero 
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(the two beams are parallel)/ a uniform light intensity 
is obtained ♦ 

However, even if interference fringes are generated 
in the interference light beam plane, light intensity ? 
characteristics having almost the same changes in light 
intensity as are expressed by eq. 1 can be obtained if a 
slit narrower than the spacing between interference 
fringes is provided in front of each photo-detector for 
light reception. In addition, by adjusting the position 
of the slit provided in front of each photo-detector, 
some latitude is provided in the control of light 
intensity. 

To this end, the positions of the first slit 107 and 
the second slit 108 provided in front of the first photo- 
detector 109 and the second photo-detector 110, f 
respectively, are adjusted, thereby making it possible to 
adjust the phase difference between the interference 
light intensity signals being output , from the two photo- 
detectors. 

According to the first embodiment of the invention, 
the widths and positions of the slits provided in front 
of the first photo-detector 109 and the second photo- 
detector 110 are adjusted and this has the advantage that 
the phase difference in the light intensity signals from 
the two photo-detectors as determined by fixing the 

f 
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individual optical elements can be controlled to produce 
interference light intensity signals having an ideal 
phase difference. 

In addition, the expensive, specially designed step 
mirror which has been used in the 'conventional wavelength 
monitors is no longer necessary, contributing to cost 
M= reduction. The diffraction occurring at the boundary 

O between the step and the non-step -area of the step mirror 

r? is structurally absent from the design of the embodiment 

%i under consideration and there is no such problem as the 

^ occurrence of distorted interference optical signals. 

s jj 

La. 

H* Second embodiment 

O Fig. 2 is a diagram showing the configuration of a 

w 

wavelength monitor 20 according to: the second embodiment 
of the invention. In Fig. 2, the (components which are 
the same as those shown in Fig. 1 iare identified by the 
same numerals. 

As Fig- 2 shows, the wavelengfth monitor 20 of the 
second, embodiment has a Mach-Zehnder interferometer 
optical system 21 comprising a col|limating lens (optical 
element) 102 for . coll imating the incident light from an 
input fiber (light input section) 101, a first beam 
splitter 103 for splitting the incident collimated light 
from the optical element 102 into two beams, a first 
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reflector 104 and a second reflector 105 for reflecting 
the respective split beams of collimated light from the 
first beam splitter 103/ and a second beam splitter 106 
for recombining the reflected beams of light. 

The optical system 21 has an interference pattern 
generating means 22 which inclines the wavefronts of the 
reflected beams from the first reflector 104 and the 
second reflector 105 after they are recombined at the 
second beam splitter 106, thereby generating an 
interference pattern in the light intensity distribution 
in an interference light beam plane, and this 
interference pattern generating means 22 is realized 
either by inclining the first reflector 104 and/ or the 
second reflector 105 or by inclining the first beam 
splitter 103 and/or the second beam splitter 106. 

The optical system 21 further includes a third beam 
splitter 112, a first slit 107 and a second slit 108, as 
well as a first photo-detector 109 and a second photo- 
detector 110 that are securely provided on an optical 
base platform (not shown) ; another component of the 
optical system 21 is a signal processing circuit (signal 
processing means) 111 for processing the signals from the 
first photo-detector 109 and the second photo-detector 
110. 

- 25 - 


02- 1 -1 7 ) 1 : 46PM;NGB m F I SHM I CHARDSON JiY 1 035561 89 56 # 33/ 67 


Next, we describe the capabilities and operations of 
the second embodiment on the following pages. 

The first reflector 104 is provided on the optical 
path of one of the two beams of collimated light from the 
• first beam splitter 103 and reflects the incident beam of 
collimated light to be launched into the second beam 
U splitter 106. 

3 The second reflector 105 is provided on the optical 

m path of the other of the two beams of collimated light 

jj from the first beam splitter 103 and reflects the 

M incident beam of collimated light to be launched into the 

s 

O second beam splitter 106. 

L The two beams of collimated light reflected by the 

O first reflector 104 and the second reflector 105 to be 

m launched into the second beam splitter 106 are recombined 

and emerge from said second beam splitter 106 at two end 
faces that differ from the two incident end faces. 

The reflected beam from the first reflector 104 and 
the reflected beam from the second reflector 105 that are 
to be recombined at the second beam splitter 106 have 
their optical axes adjusted to incline slightly. These 
two optical axes can be inclined by means of either the 
reflectors or the beam splitter and either method will 
do. 
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The third beam splitter 112 is provided on the 
optical axis of the light emerging from one of the two 
exit end faces of the second beam jSplitter 106. The 
light intensities emerging from the two exit end faces of 
the second beam splitter 106 have j inverting 
characteristics but the third beams splitter 112 may be 
provided adjacent whichever of the two exit end faces - 
The third beam splitter 112 splits the incident 
interference light into two beams,, one being directed to 
the first photo-detector 109 and the other- directed to 
the second photo-detector 110. 

One of the two split beams o^ interference light 
emerging from the third beam splitter 112 is launched 
into the first photo-detector 109 [after passing through 
the first slit 107 provided on its optical axis. 

Similarly,, the other of the two spllit beams of 

j 

interference light is launched int;o the second photo- 
's 

detector 110 after passing through the second slit 108 
provided on its optical axis. Thej subsequent operations 
are the same as in the first embodliment. 

While the second embodiment described above has the 
same advantage as the first embodiment, it offers another 
advantage in that the reflected light from neither the 
first reflector 104 nor the second' reflector 105 returns 
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to the input fiber 101, thereby insulating it from any 
adverse effects. 

In addition, using an interferometer of the 
described design, one can fabricate a wavelength monitor 
having a small difference in pathlength and offering 
broad FSR wavelength characteristics. 

Third embodiment 

Fig. 3 is a diagram showing the configuration of a 
wavelength monitor 30 according to the third embodiment 
of the invention. In Fig. 3, the components which are 
the same as those shown in Figs. 1 and 2 are identified 
by the same numerals - 

As Fig* 3 shows, the wavelength monitor 30 of the 
third embodiment has a Mach-Zehnder interferometer 
optical system 31 comprising a collimating lens (optical 
element) 102 for collimating the incident light from an 
input fiber (light input section) 101, a first beam 
splitter 103 for splitting the incident collimated light 
into two beams, a first reflector 104 and a second 
reflector 105 for reflecting the respective split beams 
of collimated light from the first beam splitter 103, and 
a second beam splitter 106 for recombining the two beams 
of reflected light. 


- 28 - 


02- 


1-17; 1 :46PM;NGB WHt 


FISH&R I CHARDSON_NY; 035561 3955 


# 36/ 67 

f 


The optical system 31 has an interference pattern 
generating means 32 which inclines the wavefronts of the 
reflected beams from the first reflector 104 and the 
second reflector 105 after they are recombined at the 
second beam splitter 106, thereby generating an 
interference pattern in the light intensity distribution 
in an interference light beam plane, and this ■ 
interference pattern generating means 32 is realized 
either by inclining the first reflector 104 and/or the 
second reflector 105 or by inclining the first beam 
splitter 103 and/or the second beam splitter 106. ■ 

The optical system 31 further includes a first slit 
107 and a second slit 108, as well as a first photo- 
detector 109 and a second photo-detector 110 that are 
securely provided on an optical base platform {not 
shown) ; another component of the optical system 31 is a 
signal processing circuit (signal processing means) 111 
for processing the signals from the first photo-detector 
109 and the second photo-detector 110. 

Next, we describe the capabilities and operations of 
the third embodiment on the following pages. 

The operations up to the stage of recombining the 
reflected beams at the second beam splitter 106 are the 
same as in the second embodiment. 
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The second beam splitter 106 recombines the two 
beams of reflected parallel light from the first 
reflector 104 and the second reflector 105 and allows 
them to emerge from two end faces that differ from the 
two incident end faces* 

One of the two split beams of interference light 
emerging from the second beam splitter 106 is launched 
into the first photo-detector 109 after passing through 
the first slit 107 provided on its optical axis. . 
Similarly, the other of the two split beams of 
interference light is launched into the second photo- 
detector 110 after passing through the second slit 108 
provided on its optical axis* However, the light 
intensities emerging from the two exit end faces of the 
second beam splitter 106 have inverting characteristics. 

The subsequent operations are the same as in the 
second embodiment. 

It should, however, be noted that the positions of 
the first and second slits provided on the optical axes 
of the beams emerging from the second beam splitter 106 
are different from their positions on the optical axes of 
the beams emerging from the third beam splitter 112 in 
the aforementioned second embodiment. 

According to the third embodiment of the invention, 
the third beam splitter 112 in the second embodiment can 
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be eliminated and this contributes to reducing cost and 
size. 

Fourth embodiment 

Fig. 4 is a diagram showing the configuration of a 
wavelength monitor 40 according to the fourth embodiment 
of the invention. In Fig. 4, the components which are 
the same as those shown in Figs. 1 - 3 are identified by 
the same numerals. 

As Fig. 4 shows, the wavelength monitor 40 of the 
fourth embodiment has a Mach-Zehnder interferometer 
optical system 41 comprising a collimating lens (optical 
element) 102 for collimating the incident light from an 
input fiber (light input section) 101, a first beam 
splitter 103 for splitting the incident collimated light 
into two beams, a first reflector 104 for reflecting one 
of the two beams of collimated light as split by the 
first beam splitter 103, a second reflector 105 for 
reflecting the collimated light reflected from the first 
reflector 104, and a second beam splitter 106 for 
recombining the other of the two beams of collimated 
light as Split by the first beam splitter 103 with the 
reflected light from the second reflector 105. 

The optical system. 41 has an interference pattern 
generating means 42 which inclines the wavefront of the 
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til 


reflected light from the second reflector after 

i 

recombination of beams by the second beam splitter 106 
and the wavefront of the other of [the two beams of 
collimated light as split by the ; 
first beam splitter 103/ thereby gfenerating an 
interference pattern in the light [intensity distribution 
in an interference light beam plaiie, and this 
interference pattern generating mdans 42 is realized 
either by inclining the first reflector 104 and/ or the 


3 second reflector 105 or by inclining the first beam 

splitter 103 and/ or the second beam splitter 106. 

^ The optical system 41 further] includes a third beam 

splitter 112, a first slit 107 and a second slit 108, as 

Q well as a first photo-detector 109[ and a second photo-? 

detector 110 that are securely provided on an optical 

i 

base platform (not shown) ; anotherj component of the 

i 

optical system 41 is a signal proqessing circuit (signal 

i 

processing means) 111 for processing the signals from the 

i 

first photo-detector 109 and the sjecond photo-detector 

no. ! 

1 

Next, we describe the capabilities and operations of 

! 

the fourth embodiment on the follojwing pages. 

1 

The first reflector 104 is prbvided on the optical 


path of one of the two split beams 


of collimated light 


from the first beam splitter 103 and reflects the 


- 32 - 


1-17; 1 :46PM;N6B ftjft) 


FISH&R ICHARDSONJIY;03 556139 55 


incident beam of collimated light toward the second 
reflector 105, 

The second reflector 105 is provided on the optical 
path of the collimated light reflected from the first 
reflector 104 and reflects the incident collimated light 
to be launched into the second beam splitter 106. 

The other of the two beams of collimated light as 
split by the first beam splitter 103 and the collimated 
light reflected from the second reflector 105 are . 
launched into the second beam splitter 106, where they 
are recoitibined and emerge from 

two end faces that differ from the two incident end 
faces « 

The third beam splitter 112 is provided on the 
optical axis of the light emerging from the second beam 
splitter 106 at one of the two exit end faces. The light 
intensities emerging from the two exit end faces of the. 
second beam splitter 106 have inverting- characteristics 
but the third beam splitter 112 may be provided adjacent 
whichever of the two exit end faces. 

The subsequent operations are the same as in the 
third embodiment. 

The fourth embodiment parallels the second 
embodiment in that the reflected light from neither the 
first reflector 104 nor the second reflector 105 returns 
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to the input fiber 1Q1, thereby insulating it from any 
adverse effects. On the other hand/ using an 
interferometer of the described design, one can fabricate 
a wavelength monitor having a great difference in 
pathlength and offering narrow FSR wavelength 
characteristics . 

/ 

Fifth embodiment 

Fig. 5 is a diagram showing the configuration of a 
wavelength monitor 50 according to the fifth embodiment 
of the invention. In Fig. 5, the components which are 
the same as those shown in Figs . 1 - * 4 are identified by 
the same numerals. 

As Fig* 5 shows, the wavelength monitor 50 of the 
fifth embodiment has a Mach-Zehnder interferometer 
optical system 51 comprising a collimating lens (optical 
element) 102 for collimating the incident light from an 
input fiber (light input section) 101/ a first beam , 
splitter 103 for splitting the incident collimated light 
from the optical element 102 into two beams, a first 
reflector 104 for reflecting one of the two beams of 
collimated light as split by the first beam splitter 103, 
a second reflector 105 for reflecting the collimated 
light reflected from the first reflector 104, and a 
second beam splitter 106 for recombining the other of the 
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two beams of collimated light as split by the first beam 
splitter 103 with the reflected light from the second 
reflector 105. 

The optical system 51 has an interference pattern 
generating means 52 which inclines the wavefront of the 
reflected light from the second reflector 105 after 
recombination of beams by the second beam splitter 106 
and the wavefront of the other of the two beams of 
collimated light as split by the first beam splitter 103, 
thereby generating an interference pattern in the light 
intensity distribution in an interference light beam 
plane, and this interference pattern generating means 52 
is realized either by inclining the first reflector 104 
and/or the second reflector 105 or by inclining the first 
beam splitter 103 and/or the second beam splitter 106, 

The optical system 51 further includes a first slit 
107 and a second slit 108, as well as a first photo- 
detector 109 and a second photo-detector 110 that are 
securely provided on an optical base platform (not 
shown) ; another component of the optical system 51 is a 
signal processing circuit (signal processing means) 111 
for processing the signals from the first photo-detector 
109 and the second photo-detector 110. 

Next, we describe the capabilities and operations of 
the fifth embodiment on the following pages. 
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The operations up to the stage of recombining the 
reflected beams at the second beam splitter 106 are the 
same as in the fourth embodiment. 

The second beam splitter 106 recombines the other of 
the two beams of collimated light as split by the first 
beam splitter 103 with the collimated light reflected 
from the second reflector 105. The recombined beams 
emerge from the second beam splitter 106 at two end faces 
that differ from the two incident end faces. 

The subsequent operations are the same as in the 
aforementioned third embodiment. . 

According to the fifth embodiment of the invention/ 
the third beam splitter 112 in the fourth embodiment can 
be eliminated and this contributes to reducing cost and 
size. 

In the first to fifth embodiments described above in 
detail, the second beam splitter 106 in the first 
embodiment and the third beam splitter 112 in the second 
and fourth embodiments may employ the reflecting prism 
206 (see Fig. 6) which is shown in JP 11-034697 A, 
"Wavelength Change Measuring Apparatus", and hereby 
incorporated as a conventional reference. Light may be 
reflected by the reflecting prism 206 to both sides as 
taught in JP 11-034697 A, supra but obviously, only one 
half of the beam diameter may be reflected. 
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The interference pattern generating means may be 
realized by inserting a wedge substrate (such as a glass 
plate in wedge shape having one side formed at an angle 

with the other side) into one of the optical paths in the f 
optical system. 

As detailed above, in the wavelength monitor 
according to the present invention, the width and 
position of the slit provided in front of each photo- 
detector are adjusted after fixing the individual 
components and this has the advantage of producing 
interference light intensity signals having an ideal 
phase difference. 

In addition, the specially designed step mirror 
which has been used in the conventional wavelength / 
monitors is no longer necessary, contributing to cost 
reduction* Since the diffraction occurring at the 
boundary between the step and the non-step area of the 
step mirror is absent, there is no such problem as the 
occurrence of distorted interference optical signals - 

In the wavelength monitors, the reflected light from 
neither of the two reflectors returns to the input fiber, 
thereby insulating the input section from any adverse 
effects* 
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The wavelength monitors use a smaller number of 
components and, hence, can be constructed at lower cost 
in smaller size* 
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